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SUMMARY

This investigation was concerned with the definition
of underlying factors in the reading process. It was
assumed that visual discrimination, memory, rule abstraction,
language, and serial ordering are prerequisite to reading
success. It was further assumed that visual discrimination
and memory are most significant at the initial stages of
reading and that rule abstraction and language are important
to continued progress in reading. Tt was hypothesized that
poor deaf readers do not pregress beyond the preliminary
levels as a result of deficiencles in visual discrimination
and memory and that other deaf readers fail to progress
beyond thethird grade reading level as a result of deficiencies
in using linguistic rules. A group of poor deaf readers and
good deaf readers were administered a battery of tests
measuring the hypothesized factors. Factor analyses of the
data indicated the following:

1. Poor readers are deficient in lower-order visual
discrimination and memory abllities; however,
there are higher-order visual discrimination skills
that are important to success for the good readers.

2. Higher-order rule abstraction skills are important
to continued progress in reading for the relatively
successful readers; however, lower-order rule
abstraction is important to successful visual
discrimination at initial levels of reading for the
poor reader as well.

3. Successful rule abstraction behavior is significant
at all levels of reading--letter recognition, word
recognition, sentence and paragraph comprehension.

. L. Visusl discrimination of a higher-order, viz.,

ﬁ visual search and sequencing, 1s significant to the
advanced reader for the processing of higher-level
printed text.

The results of the investigation lead to the following
implications:

1. The importance of rule abstraction at all levels of
the reading process requires that the curriculum
provide greater opportunity for the child to generate
and test his own hypotheses and to develop rule
hierarchies that aid him in transactions with his
environment.

4 5. Visual discrimination activities in current use at

- pre-reading levels and at higher reading levels

must be re-evaluated on the basis of new informaticn
from research in perceptual psychology.

3. TFurther information must be nbtained abaut the
syntactic structures of language-in-print that are
peculiar obstacles to progress beyond ipntermediate
levels of reading.
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CHAPTER I
INTRODUCTION
Problem

The child who is retarded in reading confronts
educators with their most serious and most frustrating
problem. The child who does not read must necessarily
achieve at a depressed level in other school subjects.
The reading retardation thus intrudes upon all areas of
learning, compounding its importance.

While reading is a prerequisite to the academic
success of the normal child, it is even more critical for
the deaf child, for whom printed communication is the most
consistent and clear source of information. Other forms
of communication, whether gestural cr oral, are open to a
high level of distortion through ambiguity, confusion, and
misinterpretation. Thus, the deaf chiid is doubly penal-
ized if he does not progress in reading; his knowledge of
the world in general suffers as we:l as the more circum-
scribed work he does in school.

It is not surprising, then, that educators of the
deaf have as deep an interest in the investigation of
reading as do educators in general. The fact that only a
minority of deaf children progress beyond a third grade
reading level has been of increasing concern to their
teachers. Along with their colleagues in general education,
these teachers are becoming increasingly aware that present
methods of teaching and remediation are not solving the
problem. It is obvious that innovation must be introduced
into an area that has been lacking in it.

Whether the reading retardation is the result of the
poverty of experience on the part of the child or the °
teacher is totally irrelevant to the interested layman
as welly; he has become weary awaiting the solution of the
problem by professional educators. Similarly, workers in
education of the deaf are dismayed with the complacency of
those describing the inevitability of the "third grade
plateau." Of far greater value would be the specific
description of deficiencies of children who do not progress.
Language deficiencies of the deaf were once defined in
terms of "omissions, additions, and substitutions"; today,
research workers describe such errors more preclisely in the
productive terms of transformational grammar. We who work
in reading education must seek to describe as precisely the
child's deficiency in this skill. We must begin a thorough
investigation of reading processes in order to. define the
contributing factors that determine the level of success
in reading for deaf children.




. Indeed, the readlng process iteelf, apart from methods
and’ teaching, has been the subject of little rigorous inves-
tigation. It is amazing to those outslde the field of
education that so crucial a skill should be attended by so
primitive a level of understanding of its nature. Although
there have been many studies of reeding, the greatest number
has been directed towards a partisan attempt to defend
particular methods or materisls. Until recently, little
attention has been given to the study of the psychological
processes involved in reading. Within the last few years,
however, several research workers have made attempts to
define underlying factors.

Goins (1958) introduced the use of correlational
analysis in the effort to describe visual perceptual factors
involved in reading. She found two components related to
reading achievement in first grace children--pérceptual
speed and strength of closurs. Goetzinger (1960) compared
avditory discrimination as well as visual perception in
good and poor. readers. ie also found that figure-ground
relationships and perceptual speed were significent to
success in reading. Smith and Corrigan (1959) went further
in ascribing reading difficulties to physiological brain
processes. They used measures of perception and cognition
to compare profiles of scores of poor and good readers.

They described perceptuel deficlencles in terms of chemical
imbalence at the point of synapse. Spearman's (1963)

factor analysis of their data isolated factors of perceptual
speed, perceptual memory anrd perceptual closure and an
intellectual factor. Doehring (1966), in an unpublished
study, found sequential precessing to be a facto in'his
comparison of good and poor reeders. :

Gibson (1965), and Hochberg (1655), both experimental
psychologists working in the ares of perception, have
become interested in reading as & specisl problem 1in
perception. In an attempt to bring scme order to the
description of reading, Gibson assumes that the process
proceeds from the initiel perceptuval discrinination of the
grapheme, to the learning of the grapheme-phoneme corre-
spondence, through the bullding up of sequences of the more
complex units of words and sentences. Hochbverg, defining
the skill even more precisely, hypothesized two processes
of importance to success, "peripheral search guidence" and
"ecognitive search guidance,” both of which involve the
reader in processing "chunks" of reading matter. The first
process is basic to the second; it includes such activity
as the initial letter procescsing of words. The second 1s
a mcre complex activity in vhich the reader samples larger
chunks of text, end dcmonds knowledge of the languege.
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Most research workers in the education of the deaf have
not attempted to study the reading process in depth. Some
investigators have isolated specific abilities such as
visual perception (Blair, 1957) and sentence structure
(Woodward ,1963), that were related to success in reading.
Others, such as Farrant (1964) and Fuller (1959), while
not investigating reading specifically, have begun to
study the underlying factors of academic performance in
the deaf using correlational techniques. While these
results are of interest, we must go a step further if we
wish to obtain a systematic body of knowledge about the
reading process. We must describe the process of reading
in terms of all the underlying abilities important to the
deaf child's success. We must obtain more precise informa-
tion about the skills upon which reading mastery is depend-
ent. This information is absolutely necessary if there is
to be any real improvement in instruction and remediation.
Research workers must begin to consider reading as a set
of hypothesized skills rather than as one global ability.
Tt would then become possible to test thelr hypotheses by
comparing the level of performance of poor and successful
readers on these skills.

The investigatior. under consideration is an attempt
to pursue this course. From previous research with both
hearing and deaf groups, it seemed reasonable to hypothesize
the involvement of at least two factors in the mastery of
reading--visual discrimination and memory. The discrimina-
tion of letter forms and of the more complex word and

sentence units is dependent upon visual perceptual abilities.

Memory processing of these units of varying lengths is of
equal importance. These two factors are believed to be
basic to initial success in reading. They must be
functioning in order for the child to learn even the
simplest words at the primary levels.

Visual discrimination and memory continue to be
important even with the increasing complexity of language
in the printed text; however, with this complex language,
other factors become critical. The reader at this level
must understand higher order rules of the structure of his
spoken language before he can be expected to succeed in
understanding its transcription into printed text. It is
assumed here that the model of generative grammar is the
most constructive approach to the study of language; we
assume further that language is learned through the
abstraction of rules. Successful rule abstraction behavior
becomes then a prerequisite for the mastery of language
and reading.

The assumption has been made by psycholinguists
(Smith and Miller, 1966) that rule abstraction is a basic
process that is applied with all data. If such a
fundamental process does exist, then it is reasonable to
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assume that, before the mcaning and uses of verbal symbols
are understood by the child, the process is used in the
organization of non-verbal elements. That is, it is first
used at a pre-verbal level only. Since the most crucial
aspect of the rule abstracting process is hypothesis
generation, it 1is absolutely necessary that the child be
afforded the opportunity to test his hypotheses. ©Such
opportunitics exist for the deaf child in the development
of rules about objccts; his extremely 1imited exposurc to
language permits only meager opportunity for hypothesis
testing in the development of linguistic rules. In an
jnvestigation of the deaf child's reading abilities, it
pecomes critical to determine whether his basic ability to
abstract rules is lacking or his opportunity to work with
rules of his language. If visual perccption and memory
are intact but basic rule abstraction abilities are dis-
turbed, we might expcct initial success in early reading
where associative processes may suffice; as the words and
sentences increase in length and the phonetic rules of
English become more complex, continucd success would be
precluded. Where basic rule abstraction processes are
functioning but opportunitics for the development of .
linguistic rules have been few, it is possible for the
child to progress beyond the early rcading levels. The
increasing complexity of sentence structure, however, will
not permit him to advance to the highest reading levels.
When he has had sufficient opportunity to discern and lecarn
syntactic clements of English, only then may we expect him
to attain such rcading levels.

Critical to these factors, whether of lower or higher
order, is sequential processing. The ability to process
elements, whether verbal or non-verbal, in their propcr
order, is fundamental to learning and obviously crucial
at all reading levels. While more sophisticated develop-
ment of the process is required for activities differing
in complexity, it 1s assumed to be the same fundamental
process at all behavioral levels (Lashley, 1961). 1In
carly reading, the ability to discriminate cat from hat is
pased not only upon the perception of differences in the
letters, but also upon the perception of the letters in
their proper order. In addition, the words so discrim-
inated must be remembered for later recognition, so that
the process of scrial ordering intcracts with processes
of visual discrimination and memory. The more advanced
reader obviously has the skill necded to successfully
process simple units; he could not succeed beyond the
most primitive levels without it. A more complexX
development of the skill of ordering is necessary to
continued progress, however; as the printed text becomes
more advanced, comprchension of larger chunks of text is
accomplished only through the highly skilled process of
structuring words into grammatically sensible syntax.
Obviously, the advanced reader has been successfully

5
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ordering the elements of reading, renging from the letter
series in words to the reversal of subjunctive clauses.
The poor reader may still have difficulty at the most
elementary level of letter reversal, and even the inter-
mediate reader mey be blocked at word order and ser.:eace
structure. Thus, the ability of the child to order
elements at varying levels of complexity is still another
factor determining his success in reading.

In summary, it is assumed that reading is dependent
upon subordinate processes, among which are included
visual discriminat.on, memory, rule abstraction,
linguistic. knowledge,ond serial ordering. It is further
assumed that these processes are hierarchical. It is ,
expected thot poor i=zaf readers, those vho fall to progress .
beyond the lowest ievels, will be hindered by impairment in
visual discrimination and memory. These two primary
abilities will discriminate within the group of poor deaf
readers; l.e., within the range of these recders, differ-
ences in the two abilities will determine status in the
group. There will be less variance in rule abstraction
and linguistic knowledge, since the group will be more
urilformly depressed on these functions. In addition, any
variance on the higher order factors will probably be a
function of the variance on the lower order factors,
because of thelr hicrarchicel nature,

The deaf readers who progress to intermediate and
advenced levels will not be expected to vary greatly on
the lower order factors. Their achievement beyond primary
reading levels indicates that they have relatively uniform
attainment of the visual discrimination and memory skills

" necessary to cuch progress. It is expected that this group

will reflect varying stages of proficiency in the higher
order processes of rule abstraction and language; i.e.,
status within the group of successful readers will be
determined by variation within these abilities. In addition,
serial ordering ability will differentiate both groups of
readers, good and poor. Status within the poor reading
group will be determined by success at the level of
perception of single symbol sequences; within the group of
good readers, stabtus will be determined by the ability to
order grammatical rules of the language.

Thus, the present investigation was undertaken to
provide a more precise description of the performance of
poor and good deaf readers. Such precision vas bdelieved
necessary from both a theoretical and a practical viewpoint.
Theoretically, to provide systematic information about the
reading process; practically, to determine predictors of
reading success and to define specific skills for remedia-
tion.




CHAFTER I1I
METHODS

Research Design

Teble 1 summarizes the design of the study.

The independent variable. After evaluation of several
instruments, it was decideéd to use the Metropolitan Reading
Achievement Test as the measure of the independent variable,
because it was consicdered the most well-structured of those
avallable. Three different levels of the test were
administered to children of the following ages: Upper
Primary, Form C. to 9-and 10-year-olds; Elementary, Form B,
to ll- and l2-year-olds; Intermediate, Forin BM to 13- and
14-year-olds. Children from four schools participated in
the project - St. Mary's School, Buffalo, New York; Clarke
School, Northampton, Massachusetts; Lexington School,

New York, New York; and Pennsylvania School, Philadelphia,
Pennsylvania. In order tc inzurc optimal effort of each
child, and since only raw scores were to be used in the
analysés, the instructions were modified. These modifica-
tions included the simplification of wording appropriate

to both oral and manual commmnication; visual aids for
initial instructions, and separate practice pages containing
an increaced number of sample items. The instructions were
communicated in the mode appropriate to the school. The raw
scores ottained were sudbjected to tests of the differences
between the mesns before the groups were combined. The
means of only two schools did not differ, so that these alone
could be combined for the major analyses. Nevertheless, it
wac declded to administeor the test battery measuring the
fectors to the childrzn in all four schools in order to
provicde sclocl personnel with the comprehensive data
availeble from these tests for use in their programs of
remediation, as well as to obtain data for comparison

with the ccubined schools.

In order to provide the most effective tests of the
hypotheses, caxreful consideration was given to the
dichoteomlization of the two groups, viz., the "poor" deaf
readers and the "good" deaf readers. The reading range of
most grcups of deaf children is unusually restricted; the
anmbiguity of results of similar studies are a direct
reflectlon of the fallure to obtain differentiated groups
becausc of this resiriction. To obtain optimum
differentiation bcitween groups, only those subjects were
used who fell at the extrecmes of the distribution of
reading scores. Thne reading scores were normalized, using
T-Scores for cach age group. The normalized distributions
were computed separately for ecch school, so that their
poor and good readers would be easily identified for school
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personnel for remediation purposcs. The poor readers were
all those falling at T-Scores of 45 and below; the good
recaders were those falling at T-gscores of 55 and above,
The good and poor readers of all ages from the Lexington
and Clarke Schools were combined into two large groups.
Good readers and poor readers of all ages from the
Pennsylvania School were combined into two groups, as were
those of St. Mary's School. Thus, the initial analyses
provided six groups for the final study:

1. two large groups, 39 good rcaders and 46 poor
readers, aged 9 through 14, the combined groups
from the Lexington and Clarke Schools;

2. two groups, 13 good readers and 12 poor readers,
aged 9 through 14, from the Pennsylvania School;
and

3. two groups, 13 good rcaders and 21 poor readers,
aged 9 through 14, from St. Mary's School.

The dependent variables. Carceful search was made for
the most productive measures of the underlying factors.
After final evaluation, those tests were selected that were
most appropriate mcasures of the factors, as well as most
appropriate for administration to a deaf population. In
several instances, neither criterion was met by available
tests and it becamc necessary to devise new tests.

The test battery. In order to obtain as complete a
deseription as possible of the child's performance on the
hypothesized factors, several instruments were selected to
measure each of them.

1. Visual Discrimination

a) Bender-Gestalt Visual Perception Testj Memory for
Design Test.

These are tests of visual-motor ability, providing
information about the visual perception of
mcaningless symbols without fine detail. Both
tests have been found to discriminate between

poor and good readers (DeHirsch, 1966;

Koppitz, 1959).
b) Goodenough-Harris Draw-A-Man Test.

This is a test providing information about the
child's perception of bodily parts, their form and
location. Koppitz (1959) found that human figure
drawings by children predicted their reading
level.




c)

f)

g)

Thurstone Identical Forms Test.

A test requiring the discrimination of
differences in fine detail. This test has a
high loading on thc perceptual speed factor in
the Spearman study of reading (1963).

Hidden Figures Test.

This test requires the discrimination of a form
embedded in a distracting background. It is a
measure of the ability to suppress irrelevant
detail while attempting to discover the figure,
which Santostefano and Rutledge (1965) found
significant in discriminating reading success.

Gibson Transformations.

A test designed by Elcanor Gibson, incorporating
letter-like symbols. Each of 12 symbols 1is
subjected to transformations similar to those of
letters in print, e.g., rotation, change in angle,
change of curves to lines. The child must locate
the standard symbol from a group of transformed
symbols. The test is a sophisticated measure of
letter discrimination without using printed
materials.

Doehring Sequential Forms.

A test requiring the discrimination of forms in
sequences. The child must locate the standard
sequence from an assortment of sequences. The
test provides a measure of the child's ability
to discriminate differences in the form of a
single symbol and of a group of single symbols
in a recurring sequence. Doehring (1966) found
visual sequencing significant in differentiating
poor and good readers.

Gibson Letter Combinations.

A test requiring the child to discriminate
letters in meaningful, meaningless but
pronounceable, and unpronounceable sequences,
e.g., can, nac, nca. The task provides informa-
tion about The child's ability to discriminate
single letters and letters in recurring sequences,
varying the aid available through experience with
language. It was included as a measure of visual
sequencing at the higher level of the printed
symbol.

10




2. Memory

The tests used are measurces of short-term memory.
Although it is long-term memory that is important

to reading skill, recent research (Neisser,197) indicates
that the processes active in short-term memory -
are antecedent to long-term memory encoding. A i
test of long-term memory would provide us with the

most valuable information for our purposes; however, A
it was not feasible to use such measures with the B
large number of subjects in the study within the

time allotted. The assumption was made, therefore,

that measures of short-term memory would provide us

with information about the child's lcng-term memory »
ability. Such tests have been found consistently 1
to discriminate differences in reading ability ‘
(Sawyer, 1965; Blair, 1957).

a) Digit Span Forward; Digit Span Backward.

These tests present the child with a series of \
single digits printed on cards. He is required i
to reproduce the scries exactly as shown in the l
Digit Span Forward, and to reverse the order in I
the Digit Span Backward. Significant differences

in this test discriminated between levels of

reading success (Sawyer, 1965).

L) Associative Clustering - Memory Aspect.

This test uses Bousfield's clustering technique
(1958), in which a series of words is presented
on cards, one at a time. The child is required
to write those words he remembers. Randomly
placed in the series are exemplars of a specific
concept, e.g., fruits, animals. This test was
included ag a measurec of memory for the printed
word.

3. Rule Abstraction

All measures of rule abstraction behavior selected
for the battery are typical categorization tasks.
Exemplars are presented and the child must use rule
abstraction behavior to discover the category to
which they belong. It was decided to test such
behavior with non-verbal and verbal stimuli because
the categorization of printed "labels" might require
different abilities than those needed to categorize ]
two dimensional pictures. For each of the three
non-verbal tests, a verbal analogue was devised by
project personnel and consultants. Although an
attempt was made to use words at Level A of the

11




Thorndike-Lorge Word Count (1944), it was
expected that the verbal presentation would be
less reliable for the group of poor readers than
for the group of good readers. Thus, valid ,
comparisons of rule behavior with non-verbal and
verbal items could be made for the good readers
only. It was hypothesized that, within the
distribution of good readers, there would be
relatively clear rule abstraction factors.
Comparisons of rule behavior on verbal and non-
verbal tests within the range of good readers
should provide valuable information.

Tests with Jdifferent types of response modes were
used in order to obtain measures of the different
approaches to rule abstraction. An oddity problem
test, in which the child is presented with four
stimuli, decides upon a rule that covers three,
and rejects one as not following the rule; a
similarities test, in which he discovers the rule
underlying three stimuli and then applies it %o
items in a multiple choice; and an analogies test,
in which he finds a rule connecting two stimuli
and then finds an analogous rule for two other
stimuli.

a) Picture Classification.

Ttems from the Thurstone Picture O0ddity Test
were selected that were appropriate for the
purposes of the study. A Word Classification
Test was devised similar in response mode to
the Picture Classification Test.

b) Picture Similarities.

The Picture Similarities Test from the
California Test of Mental Maturity was selected
as the most satisfactory measure of this type
of rule abstraction. A Word Similarities Test
was devised as the verbal analogue.

¢) Picture Analogies.

3 Fourteen of the itcms from the Picture Analogies
Test of the California Test of Mental Maturity
were selected for use in the study. A Verbal
Analogies Test was constructed similar in format
to the non-verbal test.

The child dces not typically develop rules through the
simultaneous presentation of instances; his rules are
developed on the basis of discrete instances occurring over
time. Most tests of rule abstraction, including

12
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those described above, measure rules dcveloped on the basis
of simultaneous presentation. It was decided to measure
rule behavior on tasks more closcly resembling the reality

of sequential occurrence.

d) Picture Sequential Similarities; Verbal
Sequential Similarities.

Both tests require the child to discover the
rule underlying three stimuli, presented to his
view one at a time. He then applies the rule

to another item in a multiple choice. A further
measure of this sequential presentation of a
rule abstraction is the Clustering Score of the
Associative Clustering Test, mentioned in the
section on memory. This score is based upon the
order in which the child writes the names
remembered; i.e., the number of instances in
which two or more excmplars of the concept are
written consecutively. Bousfield interprets
the score as an indication of categorization

behavior (1958).
4., Linguistic Rule Behavior
a) Cooper Tests #2 and #4.

Two measures of the knowledge of syntactic
structure, developed for use with a deaf
population by Robert Cooper, were selected.

In Cooper Test #2, the child must discover
grammatical mistakes in printed sentences.

In Cooper Test #4, the child must decide which
of two pictures best fits a printed sentence.

b) Logical Thinking Test.

This is a test of the ability to use rules in
the manipulation of events, commonly found in
propositions of symbolic logic. This test and
the two tests of linguistic knowledge depend
heavily upon reading skill. Although an attempt
was made to keep within the limits of Level A
words on the Thorndike-Lorge List, thesc tests
are designed to discriminate within the
distribution of good readers only. Again, it
was hypothesized that differences in the knowl-
cdge of linguistic rules would become important
only in the range of good readers.




5.

Sequential Processing

Among the tests selected to measure the preceding
four factors have been included several that involve
serial ordering. The Doehring Test, a measure of
visual discrimination, requires the child to
recognize a specific pattern of figures. The Digit
Span Tests, tests of short-term memory, require the
child to recall digits in the order presented. The
Gibson Letter Combinations requires the same ordered
response, using letters as the stimulil. The
categorization tests all presume a serial processing
of each stimulus as hypotheses are tested in
developing the rule; however, the sequential forms
of the categorization tests were designed deliberately
to require the child to process each stimulus in
order. He is required to encode one exemplar at a
time, without constant scanning of 21l three, as is
permitted in the simultaneous presentation. The
Cooper #4 Test requires the child to consider minor
differences in syntactic order when selecting
appropriate pictures. The Logical Thinking Test

is at the very highest level, requiring the serial
processing of propositions to reach a conclusion.

Analzges

For the combined groups, i.e., the groups of good and
poor readers formed by combining the children from the
Lexington and Clarke Schools! the following statistics were
computed separately for each group:

1.

means, standard deviations for all 23 tests and
tests of differences between means of good and

poor readers;
correlations of all tests;

multiple correlations of test scores with reading

SCOI‘GSi

. factor analyses;

5.

reliabilitics of new tests,

A1l the above statistics, except the factor analyses and
reliabilities, were computed for each of the two schools not
included in tﬁe major analyses. Mecans, standard deviations
and tests of the differences were computed separately for

each of the combined schools, to be used by school personnel
for remediation purposes.




CHAPTER III
RESULTS AND FINDINGS

Descriptive Statistics

The means and standard deviations for poor and good
readers in each of the four participating schools, with
significance levels of the differences between the means,
are presented in Tables 2 through 5.

Only 22 tests are reported for the Pennsylvania and
St. Mary's Schools because they were not administered the
Logical Thinking Test.

For good and poor readers from all schools the
differences between the test means were found in the Digit
Span Forward, Cooper #2 and #4, Picture Analogles, Word
Similarities, Verbal Analogies, and Verbal Sequential
Similarities. Mean differences were less evident in the
tests of visual perception. Differences in visual perception |
tests for the two groups from the Clarke School were found !
in the Doehring Visual Sequencing Test; in the Lexington
School groups, differences occurred in Hidden Figures and
Memory-for-Designs; the Pennsylvania groups differed on ?
Gibson Letter Combinations; and the St. Mary's School l
groups differed on the Draw-a-Man and the Bender-Gestalt {
Test.

The means, standard deviations and t-tests for the two
combined school groups are found in Table 6. Differences
between the larger groups are found in 18 of the 23 tests;
greater differentiation is to be expected here as a result
of the larger number of subjects and the wider range of
their reading achievement.

Correlation Matriccs

Correlation matrices were run for all schools, including
biographical items and tests, 27-28 variables in all. The
Lexington and Clarke School groups were combined for the
computation of correlations, since these provided the data
for the factor analyses. The factor analyses will be
considered in a later section.

The correlation matrices for St. Mary's School and the
Pennsylvania School are not presented here in toto, since
the small number of subjects in each group permits us to
consider only the highest correlations as meaningful.
Correlation coefficients of .65 or greater were considered
acceptable for evaluation; nevertheless, the small number
of subjects in each group requ’res that great caution be
exercised in generalizations about the results. Tables 7
through 10 present the clusters of tests that correlated

15
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TABLE 8

Test Clusters with Correlation Coefficients Over .65:
Pennsylvania School-Good Readers (N=13)

Draw-A-Man

Pict.Class. 2.713
Verb.Anal. Tl

oo

Bender-Gestalt

Dochring Tst.
Mem. for Des.

%3

Hidden Figures

Doehring Tst. (.71)%

Thurstone Id. Forms Gibson Letter Doehring Test
Verb.Anal. (.66) Doehring Tst. .82 Bender=Gestalt (.72
Cooper %2 .79 Hidden Fig. Tl
Gibson Lett. .82)|
Pict.Class. .72
Digit Span Forward Memory for Design Asso.Clust.-Mem.
Assoc.Cl.-Mem.E-72§ Bender-Gestalt (.68) | Digit S.F. T2
Pict.Class. .70 Asso.Cl.-Cl. .66
Asso. Clust.-Clust. Cooper #2 Cooper #U
Asso.Cl.-Mem. (.66) | Gibson Lett. .79) | Pict.Anal. .72)|
Pict.Seq. .66 Verb.Seq.Sim. (.68
Verb.Seq.Sim. 66
Picture Class. Picture Analogies Picture Seq.Sim.
Draw-A-Man .T1 Cooper #k4 (.72) | Cooper #2 (.66)
Doehring Tst. (.72
Digit S.F. .70
Verb.Anal. T

Word Classification

Verb.Anal. (.65)

Verbal Analogies

Draw-A-Man Tl
Thurs.Id.F. .66
Pict.Class. T
Word Class. .65

Verbal Seq.Sim.

Cooper #2 .66
Cooper #4 é.68§

1
4

J
3
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at .65 and higher. Inspection of the tables indicates
that, not only do the scores appear to differ in good
and poor readers from each school, but they also appear
to differ among all four groups.

Tables 7 and 8 report the correlation clusters of
the groups from the Pennsylvania School. For the poor
readers, a visual perception cluster is apparent in the
tests correlating with the Thurstone Identical Forms.
The Memory=-for-Designs cluster is interesting in that
both the Cooper #4 and Picture Similarities require
intensive visual search of pictured stimuli for correct
response. The Word Similarities cluster is a clearly
verbal relationship. ]

For the good readers from the Pennsylvania School,
we find the Doehring Test cluster presents a relatively ]
clear visual perception relationship. Again, intensive 1
visual search aspects of the Picture Classification Test ;
may be involved in its correlation with the Doehring Test.
The Cooper #U4 cluster, while strongly verbal, includes a
sequential factor in each of its tests. The Picture
Classification Test, a measure of rule abstraction, again
correlates highly with visual perception tests. The
Draw-a-Man, Doehring, and Digit Span Tests all reqguire
a more complex processing of visual input than required
on the Bender-Gestalt or Memory-for-Designs; it may be
this higher order processing that relates to the Picture
Classification.

Tables 9 and 10 present the clusters of the poor and
good readers of St. Mary's School. The poor readers are
apparently a highly variable group presenting few examples
of correlated scores. The test scores of the good readers,
on the other hand, are related in several instances. Of
greatest interest are the Hidden Figures cluster, Asso-
ciative Clustering--Memory cluster, and the Digit Span
Forward cluster. The Hidden Figures Test correlates
highly with other visual perception tests and memory tests
as well. The ability to keep the figure in mind while
searching for it is probably the variable involved here.
The Associative Clustering--Memory Test is related to four
visual perception tests; the letter discrimination aspect
of the test may be involved in these correlations. The
Digit Span Forward is correlated with tests of visual
perception and language. '

While the small size of the groups render these
correlations not entirely reliable, certain relationships
are indicated. Most interesting is the finding that tests
of vlisual perception apparently relate at several levels,
i.e., to other tests of visual perception and to more
complex rule abstraction tests as well.
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Factor Analyscs

— =

Tn Tables 11 and 12 are reported the factors isolated
from the rotation of the correlation matrices for the two
combined groups.

Tt was decided that those loadings of .50 and above
would be considered in factor descriptions; Tables 13 and
14 present these factor loadings. It should be noted that
the factor loadings differ in most cases in the two groups.
Apparently, different abilities are being reflected in the
performance of the poor and good readers on this battery
of tests.

The factor loadings for the poor readers confront us
with a most complex description of abilities. Factor One
includes 6 rule abstraction tests and may be termed a rule ;
abstraction factor, except for the fact that it includes 1
three visual discrimination tests and a language test as i
well. Factor Four is more likely a visual perception
factor; however, short-term memory is also involved,
certainly in the Memory-for-Designs and Digit Span Forward,
and probably in the Hidden Figures. Thus, it may be termed
a visual memory factor. Factors Two and Five do not lend
themselves to a blanket description. Factor Three seems
to be determined by the Reading T-Score; the Bender-Gestalt,
Gibson Transformations, and Word Similarities may be the
tests most directly related (for this group) to the ability
to discriminate letters and words in print.

For the good readers, Factor One can be termed a rule
abstraction factor. Both the Gibson Transformations and
the Associative Clustering--Memory involve rule generation.
The manner in which the Gibson Transformation Test was
administered permitted the most efficient response to be
given if a rule were developed that pre-determined the
point at which to begin the actual discrimination of detail;
the Associative Clustering--Memory Score was dependent
upon the efficiency with which concept names were organized
and retrieved. TFactor Two is apparently a visual perception
and short-term memory factor; the loadings of the language
tests here seem' to be accounted for by the visual search
necessary for response to their tasks. Thus, the factor
seems to have isolated the visual search aspects of visual
perception. Factor Five is apparently another visual
perception factor. It would seem to be of a higher order
since whatever visual perceptual processes are involved in
the complex test of Logical Thinking must require visual
search and sequencing skill. Factors Three and Four do not
lend themselves to description.
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Multiple Step~-wisc Corrclations

Multiple correlations were computed in order to
i{solate the tests that were the best predictors of the
Reading T-Score for both poor and good readers. Table 15
presents the partial correlations from which the figures
were chosen for the computation of multiple step-wise
correlations. For the good readers, Digit Span Forward,
Cooper #4, Memory-for-Designs, and Gibson Transformations
were added on in that order. For the poor readers,
Bender-Gestalt, Digit Span Forward, and Picture
Classification were selected in that order. Table 16
presents the multiple correlations. Although these
correlations are relatively low, each group of subjects
represents only part of a total distribution of scores;
viz., the low and high extremes, so that variation is
smaller than usual. Thus, the .45 multiple correlation
of Reading T-score with the Bender-Gestalt and the Digit
Span Forward indicates that these are acceptable as
predictors for the poor readers. The Picture Classification
does not add any further strength to the prediction. For
the good readers, the Digit Span Forward alone predicts
better than any combination of scores.

That the Digit Span Forward should predict reading
scores for both poor and good readers is of interest;
it is quite possible that this test measures a higher
ability such as the organization of information for
retrieval as well as short-term memory.

Discussion

The structure of underlying factors predicted by the
hypotheses was one that clearly distinguilshed between good
and poor readers, with the isolation of visual discrimination
and short-term memory factors in the poor readers and rule
abstraction factors in the good readers, and sequential
processing involved in all factors. The structures obtained
are, indeed, different; the tests loading on the various
factors for the group of poor readers are unlike those of
the good readers. The weighting of tests in the description
of abilities of higher level readers differs somewhat from
that found with less successful readers. The factor struc-
tures, however, are not the clear hierarchies of abilities
predicted. It is evident that visual discrimination 1is
critical to both poor and good readers; the specific tests
of visual discrimination that describe this factor differ
for each group. Apparently visual discrimination as
described in the tests of this battery consists of more
than one kind of ability. The visual discrimination factor
isolated for the good readers includes tests of visual
search and sequencing; the visual discrimination factor
isolated for poor readers involves short-term memory as the
concomitant variable. While visual discrimination




TABLE 15

Partial Correlations of Reading T-Scores with
27 Variables for the Two Combined Groups

Poor Good i

Variable Readers Readers
Age -.28 -.03
Sex .29 -.03
Socio-Economic Level .11 .16
Hearing Loss -.18 24
Draw-A-Man ~.21 .16
Bender-Gestalt* - .40 A7
Hidden Figures - .00 -.28
Thurstone Identical Forms - .34 -.05
Gibson Transformations -.09 .32
Doehring Test <14 -.Zl
Digit Span Forward -.06 -.40
Digit'.Span Backward .30 A9
Memory for Designs¥ ~.24 -.27
Associative Clustering-Memory .31 .35
Assoclative Clustering-Clustering .25 .23
Cooper #?2 .07 -.05
Cooper #U4 .07 -.06
Picture Classification .29 -,12
Picture Similarities -,08 -.18
Picture Analogies -.03 -.22
Picture Sequential Similarities -.23 -.34
Word Classification -.15 .09
Word Similarities .13 -, 07
Verbal Analogies .15 21
Verbal Sequential Similarities - .00 .14
Logical Thinking .26 49

* A low score reflects a higher lesel of performance.




1 e gl A Bt

TABLE 16

Multiple Step-Wise Correlations
for the Two Combined Groups

M_'

A. Good Readers

Digit Span Forward (+) Cooper #l - - - - - .22 |
Digit Span Forward (+) Cooper #4
(+) Memory Pfor Designs = = - - - - .21

Digit Span Forward (+) Cooper #U
+) Memory for Designs
+) Gibson Transformations - - - - - .18

B. Poor Readers

Bender-Gestalt (+) Digit Span Forward - - - .45
Bender-Gestalt (+) Digit Span Forward
(+) Picture Classification = =~ = - - - Ul
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differentiates both groups, it is on visual search and
sequencing abilities that the good readers vary and visual
memory on which the poor readers vary.

Similarly, rule abstraction is an important factor to
both good and poor readers; again, the tests loading on
this factor differ for each group. The rule abstraction
factor for the poor readers includes three visual perception
tests and a language test; the factor covers a wider range
of rule behavior than the abstraction of a superordinate
rule covering a series of pictured or verbal instances as
required in the rule abstraction tests. The rule abstraction
factor for good readers is a clearer indication of this
superordinate abstraction ability. It is clear that rule
abstraction is a more comprehensive ability than has been
described by the hypotheses; the visual discrimination
involved in several of the tests of the battery may indeed
require consideration and evaluation of attributes of the
type described by Bruner (1957). It may be this hypothesis
testing aspect of visual discrimination tasks that is
involved in the apparent relatedness between tests of rule
abstraction and visual discrimination for poor readers on
Factor One. The correlation clusters of the Pennsylvania
and St. Mary's s chools considered previously also indicated
the complexity of these two variables.

On the basis of results with this battery of tests,
it seems reasonable to conclude that neither visual
discrimination nor rule abstraction is an ability of
single dimension; further, these variables inter-act.

The visual discrimination abilities required of the tests
were clearly at several levels; these included the
recognition of a figure with few details through a
rudimentary hypothesis testing, the distinguishing of
minute differences in groups of figures scanned one at a
time using a more complex consideration of attributes,
and a visual search mechanism of the type described by
Hochberg, in which large groups of symbols (printed text)
are scanned and differentiated at a single glance. Tests
involving rule abstraction abilities other than those
described for visual discrimination required the scanning
and organizing of various objects and events under an
appropriate covering symbol, and the differentiating of
grammatical classes.




In conclusion, it must be admitted that, while the
hypotheses recognized the rule abstraction processes
involved in language, rule abstraction required of visual
discrimination was not considered. Similarly, visual
discrimination was considered as one global factor; it has
become obvious that this much-used term is a catchall label
for a wide range of abilities. The factor structures of
both good and poor readers reflected both the multi-
dimensional nature of two variables and their inter-action.
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Kot A A it -G S b St PR bl

The statistical analyses confront the author with ,
results that are at once disappointing and exciting. f
Disappointing, because the factor structures she described i
in the hypotheses were far more complex than predicted; 1
exciting, because the statistical descriptions provide even 1
more valuable information for reading improvement than was

expected.

The analyses did, indeed, demonstrate differences in
the test performance of good and poor readers. The factor
loadings of tests for the group of poor readers varied
from those of the good readers. Such variation indicated
that good readers are, as hypothesized, doing something
differently. The differences between the two groups are not
only in degree, as demonstrated in the mean score differences,
but also in kind, as demonstrated in the factor analyses.

Visual perception and memory. It was hypothesized that
poor readers would vary on tasks of memory and visual per- i
ception alone. Two factors were extracted: one involved ;
rule abstraction and visual perception; the other, memory -
and visual perception.

The visual-memory factor indicates that, despite the
restricted range of ability in this group, there is variation
in the efficiency with which visual input is stored. In
other words, these results indicate that the most seriously
retarded reader, i.e., the child at the lower extreme of the
distribution of poor readers, is a failure at the most
rudimentary task of reading---symbol discrimination and

storage.

The factor involving visual perception and rule -
abstraction describes for us the possible source of
difficulty for these seriously retarded readers. While the
relationship between rule abstraction and language was
considered in the hypotheses, the relationship between rule
abstraction and visual discrimination was not. It 1is obvious
that these processes are involved in even simple pattern
discrimination; there has been recognition of this fact by
Bruner (1964), Neisser (1967), Gibson (1962), and Miller (1960).
Their research demonstrates that the type of feature analysis
required for recognition of patterns such as letters and
words, is, in Bruner's terms, ", ..a categorization process...

(Bruner, 1964, p. 226).

"
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Thus at the most fundamental level of reading, viz.,
the discrimination of graphemes, simple hypothesis testing
is already required of the child. Consideration of
attributes, such as those described by perceptual psychol-
ogists as "lines and angles," "concavity," "horizontality"

Neisser, 1967), or, as "a matrix of distinctive features"
Gibson, 1962), must be made if the letter is to be
categorized. 1Indeed, before the reader can even begin to
generate hypotheses about the figure, Neisser (1967) and
Gibson (1963) and others assert that he must have developed
the ability to focus his attention on specific areas of
concern. The ability to attend to a stimulus, to localize
attention to its various parts, must precede the process

of pattern recognition. It is quite possible that the
seriously retarded reader is deficient in the ability to
attend to the stimulus as well as in the ability to analyze
its features.

If, however, the child can master the letter categories,
he may then proceed to the word level. Word understanding
is again a feature analysis problem, involving visual
discrimination, rule abstraction, and language. Gibson
suggests that recognition is based upon the verbal association

of spelling units; i.e., it is based upon "...clusters of
graphemes in a given environment which have an invariant
pronunciation..." (Gibson, 1965, p. 1071). Neisser (1967)

describes word recognition as the synthesizing or construction
of the visual figure and the verbal sequence, based upon a
"concatenation of features"; such features may be at the word
level or in smaller units. Neisser asserts that the reader
makes the construction on the basis of partial cues. The
child at the upper end of the distribution of poor readers

and perhaps at the lower end of the distribution of good
readers has reached this level of mastery.

When we consider the sentence and paragraph, it becomes
more difficult to describe the role of visual discrimination
or, for that matter, of any of the factors. Neisser
describes the problem most well:

"Where rapid reading is concerned, the
situation is quite different. The end
product of cognitive activity is not a
bit of verbal behavior, but a deep
cognitive structure; not a verbalized
name, but a continuing silent stream of
thought. Reading for meaning seems to
be a kind of analysis by synthesis, a
construction which builds a non-sensory
structure just as 'lower levels' of
cognition synthesize visual figures or
spoken words."

(Neisser, 1967, p. 136.)

ho
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Although it was not predicted that visual discrimination
would distinguish the good readers, two factors that included
visual discrimination and language tests wvere extracted. :
Apparently, the level of linguistic rule abstraction reguired
of the language tests was too simple to differentiate this
ability in the good readers; however, these tests did
discriminate differences in visual search and sequencing.
These factors may well indicate differences in the processing
of lan%%age-in-grint. Visuael search and sequencing have
been cited by psychologlsts as relevant to the higher levels
of reading. The most heuristic concept of search processes
{n reading comprehension has been formulated by Hechberg
(1965). He hypothesizes two levels, peripheral search
guidance or the process through which "...loweaculty
information [1g picked uwp in the periphery of the eye and
(suggestd to the optic seerch system where it must move
its point of cleerest vision in order to get a detalled
view of some potentially interesting region..."; and
cognitive search guldance, or v, ., .knowledge about what he
has seen so far (vhich] ...pravide(g) the observer with
some hypotheses about where he should look in order to
obtain further informstion..." {Hochberg, 1965, p. 36).

The former is basicelly a visual perception process, the

latter depends upon experience in the world and language.

Both require hypothesis testing. Hochberg describes

;e:ding for meaning as & constructive process, as did
eisser:

"For one thing, the skilled reader has
acquired response biases, or guessing
tendencies: 'glven & few cues, he will
respond as though the entire word (or
perhaps en entire phrase) has been

presented." |
‘ (Hochberg, 1965, p. 10.)

It should be clear, from the discussion above, that
the visual discrimination processes required of the reader
involve hypothesis testing. Further, it must be recognized
that these processes are multi-dimensional; i.e., they are
not restricted to the rudimentary level of feature analysis
of letters. Processing of & higher order is necessary at
the most advenced stages of reading for meaning. The inter-
action of these higher-order visual processes with higher-
ordgi linguistic processes permits continued progress in
reading. :

Rule abstraction and langug%g. A rule abstraction
factor was extracted as predicted for the good readers.
Within the range of good readers, rule abstraction abilities,
verbal and non-verbal, distinguich the intermediate reader
from the advanced readers; i.e., the reader at the "third

grade plateav" from his more advanced peer. It is reasonable
to assume thet the behavior that is reflected in the advanced
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reader is skill in developing and using rules of increasing |
complexity; in other words, he is capable of organizing the ]
environment through a complex hierarchy of rules of !
increasing inclusion. f

Although it was not predicted that the rule abstraction
tests would differentiate the poor readers, a factor
including these tests and tests of visual discrimination
and language was extracted for this group. The inter-action g
of rule abstraction and pattern recognition has been |
discussed in the previous section. Apparently, it is at !
this very basic level of rule behavior that the group of
poor readers differs. Further information about the level
of rule abstraction reflected in this factor is provided
in the loading of the Cooper #U4 Language Test. It was
noted that the language included in this test was too
simple to discriminate differences in the linguistic rule
abstraction abilities of the good readers; however, its
inclusion in the rule abstraction factor for the poor
readers may be interpreted as reflecting differences in
this group in the ability to deal with these basic syntactic ;
rules.

Thus, two levels of general rule abstraction ability
are indicated in the factor structures of the two groups.
In the hypotheses, this general ability was presumed
necessary for the learning of the rules of language. On !
the basis of these results, it may be assumed that the |
rudimentary level of rule abstraction found in the children |
at the upper end of the distribution of poor readers and
at the lower end of the distribution of good readers is
sufficient for them to succeed with simple text of the
Subject-Verb-Object type. Such structure is considered
relatively easy for even young children to master. Thus,
these children are capable of some progress with printed
language of S-V-0O structure. As the language of the
printed text increases in complexity, a higher level of
rule abstraction is required. The author is proposing
here that the increasing complexity of the syntactic
structure of sentences in texts described as "fourth grade
level" and above, requires an intricate hierarchical
structuring of rules; i.e., it requires the ability to
generate most sophisticated hypotheses and to develop
most complex rules. The rule abstraction factor for the
good readers may indicate that those at the upper end of the
distribution have greater facility with complex rule
behavior, and are therefore capable of analyzing higher
order syntactic structures. Significantly, age was involved
in this factor for the good readers; it 1s possible that
the ability to form more complicated rule hierarchies does
develop without obstacle with the passage of time in many
children. Age was not involved in the rule abstraction factor
for the poor readers. It is the position of the author that the
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ability to structure rule hierarchies does not develop in
all children as a simple function of increasing age. It
is obvious that leaving the development of complex rule
behavior to chance rather than to the curriculum is adding
to the incidence of reading retardation.

Sequential processing. As predicted, sequential
processing interacted wilh the other factors. In the
discussion above, it was indicated that sequencing skill
was necessary to the visual and cognitive processing of
complex units of text. The visual discrimination factors
extracted for the good readers indicated such involvement.

The rule abstraction factor for the poor readers
indicated that sequencing skill is equally important to
what was described as "lower level" functioning with rules.
The Doehring Test and the Cooper #4 Language Test load on
this factor; both tests are direct measures of serial
ordering. Serial ordering had been predicted as inter-
acting with visual discrimination for the poor readers;
since we have accepted rule abstraction as the underlying
factor in lower-order and higher-order visual processing
it would seem that serial ordering is a special function of
rule behavior. That it has been described as such by
perceptual and cognitive psychologists servgs to make rule
behavior that much more critical a factor in reading.

Recommendations ¢

Based upon the results of this study and of current
research in the field, the author suggests the following:

1. Far greater effort must be directed toward the
articulation of visual discrimination processes
involved in reading. We must design methods of
instruction that will aid the child in developing
visual discrimination skills appropriate to the
requirements of reading at all levels: letter
recognition, word recognition and comprehension
of language in print. We can no longer afford to
present the child with these most complex problems
and hope with luck that he finds the solution for
himself; in effect, children have been teaching
themselves to read. The present status of
instruction is primitive when compared with the
information available from perceptual psychology.
Educators studying the reading process are strongly
urged to consult the writings in this field. One
need only consider the mindless activities to

which the young child is exposed to make him "ready'

for reading to be convinced of the need to look
elsewhere for direction. Neisser's concept of
focal attention and figural synthesis, Gibson's
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matrix of letter features, and Hochberg's search
processes, the small sampling cited in this paper,
provide us with productive sources for the re-
evaluation of reading instruction at all levels.
Pre-reading activities would be far more helpful

if activities to facilitate attention-focusing as
described by Neisser were introduced. The process

of letter and word recognition would be far more
predictable were activities provided for the child
using feature analysis after Gibson (1963),

Selfridge (1966), and Feigenbaum (1963). It is
possible, then, for educators to begin immediately

to implement experimental methods that will lead

to the systematic structuring of the visual processes
in reading. Further, educators must recognize that
the most valuable source of new and relevant informa-
tion about these processes is the perceptual
psychologist; authentic innovation will depend upon
collaboration.

Educators must provide the child with the opportunity
to develop and use rules of increasing complexity.
The curriculum must be designed with systematic
exposure to activities and materials that provide

the child with the opportunity to test his own
hypotheses. Further, these activities and materials
must be carefully structured so that the child can
build a hierarchical structure that will meet his
needs in transactions with the environment. Research
in both perceptual and cognhitive psychology (and

the results of this study) indicatesthat rule
behavior is critical to feature analysis of simple
objects, serial ordering of input, complex organiza-
tion of events. On the basis of this study, it has
become clear to the author that every aspect of
reading, including the perceptual processes, the
linguistic processes and processes unique to the
translation of language-in-print, are all dependent
upon success at some level of rule abstraction. A
curriculum that merely feeds already structured
information to a child, and evaluates the success

of his learning on the basis of the correct repetition
of that information, is not preparing him for the
mastery of the most complex reading tasks as
described above by Hochberg and Neisser. Many
educators have recognized this need, and collaborating
with cognitive psychologists, are developing new
methods and materials to enhance the child's
cognitive processes. Such an instructional approach
must become a familiar part of the classroom before
we can hope for change.

Ll
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3. It has been mentioned ad infinitum that language
is a rule-abstraction process; it should, then,
be presented as such to the child. New approaches
are being devised in language instruction that take
advantage of the information available from the
field of linguistics. Further investigation is
needed, however, to determine the sentence structures
beyond those of S-V-0 that are obstacles to the
poor reader. If we can describe such structures,
then instructional procedures can be devised to
help the child master these elements of his language.
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APPENDIX

Since several new tests were constructed and
administered for the first time during the project,
reliabilities were computed. These are reported in
Table A. Caution must be exercised in interpreting
these data, however, since such analyses are typically
based upon the entire score distribution. These are
based upon a highly restricted group, at either the
lowest or highest score extremes.

Despite this limited range of ability, the
reliabilities for the poor readers are quite respectable.
The reliabilities for the good readers are low in some
cases, reflecting the failure of some of the tests to
discriminate among the subjects; i.e., most of the good
readers answered all items correctly. Statistical
¢ reliability is lowered considerably where there is low
4 variability within the group. Inspection of these tests in the
correlation matrices, upon which the factor analyses
are based, shows correlations as low as .20; however,
there are also many as high as .63. Apparently, even
within this restricted variability, there were relation-
ships among the scores of the good readers; it remained
for the factor analyses to demonstrate these relationships.




TABLE A

Reliabilities of Tests Constructed by Project Personnel

Test

Poor Readers

Good Readers

Picture Classification
Picture Similarities
Picture Analogies

Picture Sequential
Similarities

Word Classification
Word Similarities
Verbal Analogies

Verbal Sequential
Similarities

Logical Thinking

.31
.56
.75

.26
.63

.69
.68

48
57

U2
.34
.32

.12
.49
11
.50

.15
.19
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